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PROCESS FOR PREPARATION OR ETHYLENE POLYMERS 



BACKGROUND OF THE INVENTION 
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1 . Field of the Invention 

having a high melt tension and a large die swell. 
2 Description of the Related Art 

molecular we.ght and a broad mo,e ^ ™ e 9 molecular wei g h t distribution is related to the surface 

SET- molded ^e. and •(«*=< • J,y » . higK-apoed 

,„ inflation molding or Wow mold*g. torOKarop 0 * - .*nde 'Z^Z^Lto,. especially .0 

""v— process to, paepadn, -hv.no P*™£« ^^^T ^toflcatn 

satisfactory, and moreover, the mo ^ c "' a ; n ^ e,9 " t M „ St R r ' D lhe melt tension can be controlled over a 
— KESX - EST and an flymen. I. 

, SdTli balance Petneen the molt tension end the molecule, v.e,gh, d.atnbuflon. 
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SUMMARY OF THE INVENTION 

^^^^^ 

Sm^TeSor^^ 

isr* sss sr. 3S?»/ = - — — - 

graving a con^ated-lec,^^^^^^^ , pa „ of me cals , yst o, the 

£E£&^K^TS£SX -Sao*. and 83-6,0,0. do, »e ea,a„a. o, 
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cannot be expected from the conventional t2*nW ' ^ *" * SUrprisi "9 a " d 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The titanium compound used for the orodurtinn n t «,» 
tetrayalent titanium compound. A typical example of 1 latent t l" ^ Pr6Sent inVenti ° n te 3 triva,ent » 
such as titanium trichloride formed by the hydrogen ^2^^^°^ '" S tit2nium trichlorida 
composed mainly of titanium trichloride and contam^ another ml? d * SOlid S0,Uti ° n 0r c °™P™tion 

irroreS^ 

~on 9 rou P having op ffiia". 2£^2?3 

^^^^oXZ ^^^r^J^^-^ tetrabr ° mide - meth - 
dimethoxytitanium dichloride. dibutoxytitanium dicho^ trichloride . 
tetrarsopropoxytitaniumandtetrabutoxytitanium ° WOr,de ' tnb ^yUtan,um chloride, tetraethoxytifanium. 
00 Polytitanate compounds represented by the following general formula: 



/ OR 2 



R 2 0— (— Ti o 
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ame,. dlp ra po«„ lta „ ium , eWm ,r. dIMcJSZ SZL l"' d, K e """""" an ' um " lm8f ' «-°P<»ytiB*»n 

co." r — * — - ^ donor 

alcohol compounds, and ester compounds mentloned compounds, carboxylic acid compounds. 
Among these titanium compounds, a tetraa.koxytitanium is preferred 
As the chromium compound used for the ororii.rtinn ^ prererrea 
mentioned oxides, halides.oxyhalides. ace LTZ 'T Pr6Sent inv8n * n - ,here Can be 

chrom,um compounds. As specific examples, there ca be S h T ^ °' Chr ° mium ' and or 9 anium 
chromium nitrate, chromium acetate, ammonium 11™ . Chr ° miUm tn ' 0xide ' chrom W ch '°"'de, 
tadienyl chromium. ■ a™ion.um chromate, acetylacetone chromium, and biscyclopen- 

as srr5rsri h b a : ^^it 9roup ,,a - ma - ,va - ivb - - ^ ™* 

These oxides have different prope^ac^ «™*< -d mixtures thereof, 

■nvent.on an oxide having a specific surface area oi T^nlC***™ but in the P resent 

50 A, and an average particle diameter of not lonqer than fon!! 9 ' T 3Vera9e P ° re diameter of at least 

As the method of supportino the titanu.m ^ J Um ' S P referab| y "sed. 
inorganic oxide, there cTT^Z™* ZZ** T? ^ COmpound °" «•» P°™ 

dissolved in an inert solvent and the !norgan c oZ t i'into t J"*"" °' Chr ° miUm C ° mp °"" d is 
the inorganic oxide with the solution, a method in which The tttanL th " S ' pre P ared 50l «™ to impregnate- 
contact with the inorganfc oxide in the absence of 2 inert SZT ° r , Chr0m,um com P° und * brought into 

■ or an inert solvent, and a method in which the titanium or 
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chromium compound is dry-mixed with the inorganic oxide by a ball mill or the like. The supporting method 
is usually carried out at a temperature up to 100* C, preferably at a temperature of 0 to 40* C. 

When the solvent is used for supporting the titanium compound and/or the chromium compound on the 
porous inorganic oxide, the solvent is removed by distillation and the porous inorganic oxide having the 

5 titanium compound and/or the chromium compound supported thereon is heated at 300 to 1 .000 " C to 
obtain a carrier. Heating can be performed in the state fluidized by a dry gas, for example, air. Preferably, 
the titanium compound and/or the chromium compound is used in an amount such that the content of the 
titanium atom and/or the chromium atom in the obtained carrier is 0.2 to 10% by weight. More preferably, 
when each of the titanium compound and the chromium compound are used alone, the amounts thereof are 

w such that the contents of the titanium atom and the chromium atom in the carrier are 0.5 to 10 % by weight 
and 0.2 to 5 % by weight, respectively, based on the weight of the carrier. 

The transition metal compound (B) containing a group having a conjugated ^-electron as a ligand is, for 
example, a compound represented by the general formula R§ (R 3 ) 2 MR 4 R 5 . In this general formula, M 
stands for titanium, zirconium or hafnium, R 3 stands for a cycloalkadienyl group, and R* and R 5 

rs independently stand for a hydrocarbyi group having 1 to 20 carbon atoms, an alkoxy group having 1 to 20 
carbon atoms, a halogen atom or a hydrogen atom. R 8 stands for an alkylene group having 1 to 4 carbon 
atoms, which is connected to the two groups R 3 , and p is 0 or 1. As the cycloalkadienyl group, there can be 
mentioned, for example, a cyclopentadienyl group, a methylcyclopentadienyl group, a pentamethyl- 
cyclopentadienyl group, an indenyl group and a tetrahydroindenyl group. As specific examples of the 

20 hydrocarbyi group for R* and R s , there can be mentioned methyl, ethyl, propyl, butyl, amyl, isoamyl, hexyl, 
isobutyl, heptyi, octyl, nonyl, decyl, cetyl, 2-ethylhexyl and phenyl groups. As the alkoxy group, there can 
be mentioned a methoxy group, an ethoxy group, a propoxy group, and a butoxy group. As the halogen 
atom, there can be mentioned chlorine, bromine, and fluorine. 

As specific examples of the compound represented by the general formula Rj* <R 3 )2MR*R 5 , there can 

25 be mentioned bis(cyciopentadienyi)dimethyl-titanium, bis(methylcyclopentadienyl)dimethyl-titanium, bis- 
(pentamethylcyclopentadienyOdimethyl-titanium, bis(cyclopentadienyl)methylchloro-titanium, bis* 
(cycfopentadienyl)dichloro-titanium, bis (indenyl)dimethyl«titanium, bis{indenyl)dichiorotitanium, ethyiene-bis 
(indenyl)dichloro-zirconium, ethylene-bis(tetrahydroindenyl)dichloro-zirconium, bis(cyclopentadienyl)* 
dimethyl-zirconium, bis(cyclopentadienyl)dimethyl-zirconium, bis(methylcyclopentadienyl)dimethyl-zirco- 

30 nium, bis(pentamethylcyciopentadienyl)dimethyl-zirconium, bis(cyclopentadienyl)methylchloro-zlrconium, 
bis(cyclopentadienyl)dichloro-zirconium, bis(indenyl)dimethyl-zirconium, ethylene-bis(indenyl)dich!oro-zirco- 
nium, ethylerie-bis(tetrahydroindenyl)dichloro-zirconium, bis(cyclopentadienyl)dimethyl-hafnium, and bis- 
(cyclo pentadienyl)dichloro-hafnium. 

As the aluminoxane as the component (C), there can be used condensates represented by the following 

35 general formula, and mixtures thereof: 



wherein R 6 stands for an alky I group having up to 6 carbon atoms or a halogen atom, R 7 stands for an alkyl 
group having up to 6 carbon atoms, with the proviso that when R 6 is an alkyl group, R 6 is the same as R 7 , 
and n is an integer of 1 or larger. 

As the R 6 , there can be mentioned, for example, a methyl group, an ethyl group, a propyl group and a 
butyl group. A methyl group and an ethyl group are preferred, and a methyl group is especially preferred. 

The aluminoxane can be easily prepared by gradually adding a predetermined amount of water to an 
organic aluminum compound dissolved in an inert hydrocarbon solvent such as toluene, and heating the 
mixture to some extent, if necessary. Water of crystallization contained in copper sulfate hydrate or 
aluminum sulfate hydrate can be utilized. 

The catalyst of the presenynvention can be prepared by bringing the catalyst components (A), (B), and 
(C) into contact with each other. The order in which these components are brought into contact with each 
other is not particularly critical. For example, a method can be adopted in which the three components are 
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Pjess such as * adopted a .iquid pnase polymery 

'ne present invention will now be d^rrih^ - 

ne a,e swe " measured by usino th* « m 
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HHiyiny air at the same inear sopph th«« IU vauiea out at tnrs temperature for ft hn..re 

P^!Paratipn of Catalyst ComponentfC) 

aaaed t0 the suspension at 30*C and 
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5 



white crystal 

Polymerization of EtiTyiene 
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30 



Polym erization ot ^u.y.^ 

ure was elevated to 90* C. Then hydrogen wa supphed u de ^.^.^^g the partial pressure of 

Comparative Example 1 cent that 

Examples 2 through 4 

"J^'pone™ (« - ^ in ««- ~ J ^Son - 
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E xamples 5 through 8 ceotthata 
exponent (A) was ^ in « jj- = « J-J-J- '^^Up^. 



are shown in Table 1 . 
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Table 1 
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Example 
No. 



1 

2 
3 
4 
5 
6 
7 
8 



Titanium compound 



Tetraisopropyl titanate 

Ditto 

Ditto 

Ditto 

Tetrabutoxy titanate 
Dibutoxytitanium dichloride 
Dibutoxytitanium tetramer 
Titanium tetrachloride 



' Note: Amount used per 30 g of Si0 2 



Ethylene polymer 



Amount* 


Yield 


Ml 


HLMI 


(g) 


(9) 


(g/10 


(g/10 






min) 


min) 


13.2 


186 


0.54 


74 


16.5 


161 


0.38 


36 


8.6 


192 


0.72 


73 


3.3 


211 


0.95 


68 


13.2 


173 


0.68 


82 


13.2 


151 


2.64 


256 


13.2 


164 


1.03 


114 


13.2 


135 


3.76 


256 



HLMI/MI 



137 
95 
101 

72 
120 

97 
111 

68 



Melt 


Die 


tension 


swell 


(g) 


(%) 


35 


85 


48 


96 


20 


76 


15 


62 


30 


102 


12 


68 




77 


• 


60 



so 



Examples 9 through 13 

Polymerization of ethylene was carried out in the sam* m ,nn 0 , e 

compound shown in Table 2 was used as the transition T M ,n 3 exce P 4 that a 

zirconium used in Exampie 3. The ^JXS^rS^ °' bisc y c '°P^adienyldichloro- 
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Table 2 
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Example 
No. 



9 
10 



11 
12 



13 



Transition metal compound 



Ethylene polymer 



Yield 
(9) 



Biscyclopentadienyldim ethyl-zirconium 
Bisindenyldichloro-2irconium 



Bismethylcyclopentadienyldic hloro-arconium 
Biscyclopentadienyldichloro-titanium 



Ethylene-bis(indenyl)dichloro-zirconium 



203 
141 



191 
123 



Ml 

(g/10 

min) 



1.06 
0.98 



0.62 
2.02 



1.52 



HLMI 

(g/10 

min) 



124 
91 



HLMI/MI 



67 
149 



152 



117 
93 



108 
74 



100 



Melt 
tension 
(9) 



22 
19 



28 
14 



18 



Die 
swell 
(%) 



75 
66 



69 



72 



Example 14 
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Copolymerization of Ethvlerm with Butene-1 

A 3-liter autoclave, the inside atmosphere of which was r*m^»H k •* 

isobutane. 0.2 g of the catalyst component (A ofeoaZ* in ? , by o n,tr0 9 en ' was charged with 2 t of 

methylaluminoxane in toluene and 0.01 mi 2J2L TaslL^^ ?' ™ °' 3 SO,Ution of 

toluene, and the inner temperature was elevated to 75 ? ?thL ^ in 

was charged under 0.3 kg/cm*, and ethylene was fed unH« I T 9 , ^ W3S Char9ed * ^ogen 

for 1 hour while making the partial ZZl" he th^ ^ ^ 
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g/min. and an HLMI/MI of 56. a density of 0.925 (g/ml), a melt tension of 18 g. and a die swell of 58%. 



Example 15 



ro 



f5 



20 



Copolymerization of Ethyjene with ButenjH 

e,hylene was ; led " n *'^ s ,7^J°^ r8su „, , g6 g ol . p „ lyme r was obtained. The pdlymer was 
rr-f. - Hi. d. 60,Vo m ,n, an HLMI'MI d, 63, and a density d, 

0.936 (g/ml). The melt tension was 21 g and the die swell was 67%. 



Example 16 



25 



Preparation of Catalyst Component (A) 
" 1 stef « iodro S 30 atlnetee. Then. «» was tenteved „=ot tne dbteleed s«y by 

elements aSsis of the carrier, it was found that it contained 1.1% by weight of chrom.um atom. 
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A 3 liter autoclave the inner atmosphere of which was replaced by nitrogen, was charged with 2 I of 
S£SZ r. ' ^^l" "»W,h. pa*, p.eseu,e a. 10 NgA 

The melt tension was 13 g and the die swell was 78%. 
Examples 17 through 19 

The catalyst component (A) was prepared in the same manner as described in Example 16 except that 
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the amount of chromium trioxide used was chanaed as shr>wn in r a w« o ^ , 

»as carried out ,„ ,r,a same « as ^^J^^ZLV, SSTTSSl 

5 Examples 20 through 23 

compound, and potation o ethane «^^o^lS^ 35 the chromi - 

ro 16. The results are shown in Table 3. Same manner as described in Exam P'e 

Table 3 
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Example 
No. 


Chromium compound 






Ethylene polymer 






(9) 


Yield 
(9) 


Ml(g/K 
min) 


) HLMI 

(g/10 

min) 


HLMI/MI 


Melt 
tension 

(gy 


Die 
swell 
(%) 


16 

17 

18 

19 

20 

21 

22 

23 

* Note: Ben 


Chromium trioxide 

Ditto 

Ditto 

Ditto 

Chromyl chloride 
Chromium acetate hydrate 
Chromium nitrate nonahydrate 
Chromium acetyl-acetonate" 
zene was used as <5ni\/<an+ 


0.7 

2.5 

1.5 

0.2 

1.1 

1.7 

2.7 

2.4 


203 
241 
222 
193 
186 
170 
198 
167 


0.94 

0.52 

0.85 

1.54 

1.11 

1.88 

2.12 

2.82 


133 
79 
115 
136 
167 
275 
269 
276 


142 
152 
135 

88 
150 
146 
127 

98 


13 
17 
15 

9 
11 

8 

6 

5 


78 
96 
76 
62 
85 
72 
69 
58 
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Examples 24 through 27 

eomplTS"^ sa ™ — » "» tl e *eap t ft. . 
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Table 4 
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Example 
No. 


Transition metal compound 




Ethylene polymer 






Yield 

(g) 


Ml 

(g/10 

min) 


HLMI 

(g/10 

min) 


HLMI/MI 


Melt 
tension 
(9) 


Die 
swell 
(%) 


24 


Biscyclopentadienyldimethyl-zirconium 


195 


1.23 


169 


137 


10 


77 


25 


Bisindenyldichloro-zirconium 


167 


1.02 


102 


100 


12 


81 . 


26 


Ethylene-bis(indenyl)dichloro-ziYconium 


211 


0.75 


89 


119 


16 


76 


27 


Biscyclopentadienyldichloro-titanium 


153 


1.93 


176 


91 


8 


65 



55 



Example 28 
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Copolymerization of Bhylene with ButeneM 

A 3-Hter autocfcve. the inside a = e ot ^^^^^^^ °o! 
isobutane. 0.2 g of the catalyst «™P™?.^ in 
m eth y la.uminoxane ir .toluene ^ ^^^^f^ L charged and hydrogen was 

HLMI/Mi of 64. a density of 0.928 (g/ml). a melt tension of 15 g. and a d,e swell of 65 A. 



Example 29 
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• „ no ml three . ne ck flask the inside atmosphere of which was replaced by nitrogen, was charged with 
A 300-ml tnree nee* uas*, «™ j- on mi nf fnlnpne and 10 mi moes of a solution 

Gopolymerization of Ethylene with Butene^ 

xylene «as ted P™«« «> ^J V ™^T 235 g o a pol,™, was obtained. Th, polymer »aa 

SS^tT-- -ItZ&X™ « - » - • — » - 

film or the blow molding, can be obtained. 
Claims 

1 A orocess for the preparation of ethylene polymers, which comprises homopolymerizing ethylene or 
porous inorganic oxide, on which at least one compou u - c (B) transit ion 

of: 

(a) titanium trichloride: 

(b) a compound represented by the following general formula: 

Srein^stands for an aliphatic, alicyc.ic or aromatic hydrocarbon group ha^ng up to 8 carbon atoms. X 
stands for a halogen atom, and I is a number of 0 s. t £ 4 

(c) a polytitanate represented by the following general formula: 
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■0-i~ Ti o— L 



R 2 
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^TZXV^^To- " ar0matiC hydr ° Carb0n *"* ^ * <° 8 carton atom, 

(d) a compound obtained by treating said compound (b) or (c) with an electron donor compound. 

consistfn^ compound is se.ected from the group 

chromium compounds. ' ^ aC8tat8S and oxa,ates of chromium and organic 

the i^SSrar?^ ollhe 5 gro^ % ^TTV^ " ~~ <™ 

consjsf ^S^^^ST- " ^ S6,eCted f ^ - — 
the 9 roS the amount of the compound se.ected from 

titanium atom and chromium atom^n the ca rier i 0 to 10 Thv ^ '' S SUCh ,hat the COntent of lhe 

7. A process according to any of t h e cTalm ' 'oe Zt^T^Z * *" ^ 
porous inorganic oxide in an amount such that the content of L L . com P°^ supported on the 
by weight based on the weight of the carrier " tan,Um 3t ° m ,n the Carrier is 0 5 to '0 % 

8. A process according to any of the claims 1 to 7 wherein the rhmmi,™ 

R| (R 3 ) 2 MR»R5 ompouna represented by the following general formula: 

wherein M stands for titanium, zirconium or hafnium rs , 

ir,*pendon»y aM ,„ . hyoroooro^up" SSTTb a^L ZlTT"^ ^ " M » 



R 6 



-f Al-0 -fc 



n+3 f °r 



« R 6 
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R 6 R 7 A1_(_Aa1 -^OAIrV 

ana „ it an integer of I or "argT P ' " he " R 15 a " all »" a™* R ' ' s »» «n» as H'. 

component „ is , „ JSS~^ " -»*«""»•» 
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